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FOREWORD 


Thli  paper  praaenta  tte  raaulta  of  a study  nada  at  South 
Laka  Worth  lalat,  Florida,  in  connaoti«Hi  with  oparatlon  of  a 
Band  by-paaalng  (dant  • Tba  atudy  naa  aada  undar  tba  parta  of 
tha  Board*  a program  oonoaraing  tha  relation  of  littoral  drift 
to  vara  anargy  and  tha  daalgn  of  aand  tQr-paaalng  plante.  Flcid 
aork  inoLadad  maaBuraBant  of  tha  roluna  of  aatarlal  by-ipasaad 
by  tha  pumping  idantj  raoording  of  vara  halght,  parlod,  ard 
dlraotlon;  maa«*jraaant  of  alongahora  ourranta  In  lha  naarahora 
m>na;  and  proouraMnt  of  aacd  aaa])laB»  A portion  of  tha  paper 
ama  dallrarad  at  tba  ASCB  oonrantlon  at  marnl  Baaoh,  Florida, 
in  Juna  1953* 

Tba  author  of  tba  report  and  project  anginaar  for  this 
atudy  aaa  Qaorga  M*  Wktta  of  tha  Baaaaroh  Dlvlalan  of  tha  Be^  -ii 
IroBloa  Board  undar  Joaaph  lf«  Caldaall,  Ohiaf  of  tha  UTialae. 
Flald  data  vara  proovad  by  a Field  Group  undar  tha  dlxvotic;^ 
of  Gaorga  P.  WaglU  from  tba  Bourd*  a Baglnaarlng  Dlilalon* 

Tba  fiald  data  vara  amlyaad  by  the  Biaaaroh  Dlviaion  ataff.  At 
tba  tima  tha  rapart  vaa  ooaplatad,  tha  taohidoal  ataff  of  tha 
Board  aaa  undar  gMMral  atqMrvlalm  of  Colonal  J.  U.  AUan, 
Raaldont  Waabar  and  R.  0*  Baton,  Chiaf  Taohnloal  Aaaiatant. 

Tha  report  aaa  edited  for  publieation  by  Albert  C.  Baynar. 
Fiaaa  and  oonoluaiona  atatad  in  tha  report  are  not  naoaaaarily 
those  of  the  Baaoh  Iroaion  Board. 

Aeknoaladgamant  la  aada  of  tha  aamast  and  oo^plata  oo- 
oparat  ion  rwdarad  to  tha  Baaoh  Broaloc  Board  Field  Group 
during  tba  eouraa  of  the  atudy  by  tba  South  Lake  Worth  Inlet 
OLatriot  Croalaaion}  Hr.  J.  M.  County  Rnginaar,  Palm 

Baaobi  Couuty,  and  hia  staff)  Hr.  L.  T«  Lookaood,  Torn  llanagar 
of  Piila  ^oh,  and  hie  ataff)  kr.  U*  Coban,  oaoer  of  tha  ftllm 
Baaba  Pier)  and  Hr*  Boratan,  aanagar  of  tba  AWbaaaador  Hotel 
in  lalm  Baaoh. 


This  report  is  publiabad  under  authority  of  Pnbllo  In  166, 
79tb  Goograaa,  approved  JvGy  31,  1945. 
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A STUDI  OF  SAND  MOVEMENT  AT  SOOTH  LAKE  NORTH  INLET,  FLCRIDA 

BT 

Oeorge  M.  INtts 

Hydraulic  Engineer,  Research  Division 
Beach  Erosion  Board,  Corps  of  Engineers 


IWTRODDCTIOM 

Purpose*  The  stationary  sand  pmeping  plant  on  the  seaeard  end  of 
the  north  Jetty  at  South  Lake  Horth  Inlet,  Florida,  eae  Installad  in 
1937  as  a aeaxis  of  intercepting  the  drifting  sand  ft*om  the  north,  passing 
the  material  across  the  inlet  entrance,  and  dep>celtlng  it  on  the  si^e 
south  of  the  soidh  Jet-ty.  This  operation  i=  intended  to  reduce'  the 
shoaling  at  the  Inner  and  outer  ends  of  ths  inlet  channel,  and  to  supply 
sufficisnt  material  to  maintain  the  shore  south  of  the  inlet.  The  plant 
is  believed  to  be  the  first  installation  of  its  type  in  this  country; 
tfaersfore  its  design,  and  the  shore  pzvcesses  icTolved  have  all  been  of 
considerable  Interest  to  those  concerned  eith  coastal  angineerlhg. 
Coi^>ilati<m  and  study  of  factual  data  associated  with  ths  plant  should 
lead  to  a better  understanding  of  the  prchlsn  of  by>passing  sand  at 
inlets.  a series  of  field  nsasuremsiits,  attempts  issre  made  to 
inveatlgate  the  effeotivenses  sith  which  a fixad  plant  can  puaqp  the 
littoral  material  brought  within  reach  of  its  ^itake  by  littorsil  forces, 
and  to  relate  the  volume  of  oand  reaching  the  pu^  intake  to  ths  wave 
energy  reaching  adjacent  shores. 


History  of  Inlet  and  Adjacent  Shores.  As  shown  on  Figure  1,  Lake 
Worth  is  the  lagoon  separating  Palm  Beach  from  West  Palm  Beach,  Florida. 
The  t<nm  of  Palm  Beadi  oocupiaa  the  barrier  beach  itiloh  separates  Lehe 
Worth  from  the  Atlantic  Ocean.  Prior  to  1918,  Lake  Worth  had  no  direct 
conminicatlon  with  the  ocean.  lake  Wbrth  Inlet,  located  near  the  north- 
ern limit  of  Palm  Ptach,  was  dredged  and  two  entranoe  Jetties  oonstmctsd 
between  1918  and  1925.  The  inlet  was  created  for  oonnercial  and  pleasure 
craft  usage. 


South  Lake  Wbrth  Inlet,  located  near  the  eouth  end  of  Lake  Wbrth, 
about  15  mllea  aouth  of  Imke  Wbrth  Inlet,  waa  dredged  and  two  entranoe 
Jetties  were  ocnatructed  in  1927.  The  primary  purpoee  of  this  inlet 
was  to  create  a ciroulatlcn  of  water  in  tba  aoutherly  aad  of  Lnke  Worth, 
tusreb^r  alleviating  a stagnant  water  condition.  The  inlet  channel  alec 
jjeritits  passage  of  pleasure  craft  drawing  up  to  6 or  8 feet.  It  le 
about-  125  feet  in  width  and  seas  600  fast  in  Isagth 
are  about  250  feet  l<»ig.  Their  top  elevation  is  about  12  feet  above 
mean  low  water • 


Agio  OIMsAmCiUO  JOWUXOS 


The  predonltiant  dli'<«otlon  of  littoral  drift  along  the  Florida  coast 
le  generally  from  north  to  eoutdi.  After  the  inpounding  area  north  of 
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the  north  Jetty  at  South  lake  Worth  Inlet  fras  filled,  naterial  was  carried 
around  the  seaward  end  of  that  Jetty  into  the  inlet  channel.  Flood 
currents  transported  much  of  this  material  through  the  channel  into  Lake 
Worth  where  the  material  accumulated  as  a large  shoal.  On  ebb  tide, 
seaward  currents  in  the  channel  transported  a portion  of  the  material  to 
the  area  seaward  of  the  Jetties  and  created  an  outer  bar.  The  material 
moved  by  ebb  currents  plus  the  littoral  movement  in  deeper  waters  was 
then  ths  only  material  which  passed  the  inlet  and  reached  the  beach  area 
south  of  the  south  Jetty.  Throughout  the  history  of  the  inlet,  this  | 

supply  was  Insufficient  to  maintain  a stable  beach  south  thereof,  con- 
sequently eroeion  along  this  section  of  shore  line  became  a serious  pro- 
blem. Between  1932  and  1937,  property  ornners  along  the  eroding  area 
constructed  ssawalls  and  groins  in  an  effox^  to  check  the  erosion;  however 
s^ipriv  of  drift  was  so  small  that  the  groins  were  ineffective  in  pro- 
viding a beach  and  it  appeared  that  the  seawalls  would  eventually  be 
undermined  and  destroyed* 

Hjtatrtry  of  Bv-Passlng  Plsnt.  The  oonoern  of  the  South  Lake  Worth 
Inlet  District  over  the  grcwrth  of  the  shoaling  area  in  Lake  Worth  and 
the  erosion  of  the  shore  south  of  the  inlet,  led  to  a decision  to  Install 
a sand  by-psaaing  plant  on  the  north  Jetty  of  the  Inlst.  Tbs  by-passing 
plant  was  a Joint  undezHiaking  by  the  Inlet  District  and  the  private  pro- 
perty owners.  The  plant  installed  in  1937  consisted  basically  of  an 
8-lnch  suction  line,  a 6-lnch,  65  horsepower  diesel -driven  centrigugal 
pump,  and  about  1,200  feet  of  6-inch  discharge  line*  The  diaohange  line 
eztexxied  from  the  poiqpiBg  plant,  across  a hi^bnray  bridge  which  spanned  ^ 
inlet,  and  thsnos  to  the  shore  south  of  the  south  Jetty*  After  6 month  s 
of  operation  in  1937,  a considerable  amount  of  accretion  was  evident 
along  Uie  shore  south  of  the  inlet,  a beach  of  about  120  feet  in  width 
having  formed  in  front  of  the  seawall,  irtmreas  prior  to  the  punping  operation 
the  high  water  line  was  essentially  at  the  seawall  face.  By  19^,  or 
at  the  end  of  5 years,  the  gzx>ins  which  had  been  constructed  pzdor  to 
the  pump  installation  had  trapped  their  full  capacity  of  sand  and  were 
completely  covered  in  places.  The  rate  of  abosling  in  Lake  Worth 
iflBMdiately  adjacent  to  the  Izilet  decreased  during  this  period  of  operation. 

From  1942  to  1945  the  by-pessing  plant  was  not  operated  due  to 
fuel  shortage,  and  within  this  3-year  period  severe  erosion  again  was 
experienced  south  of  the  inlet.  The  groerth  of  the  shoaling  area  in  Lake 
Worth  was  also  approaching  a point  where  the  izilet  ofaennel  no  longer 
served  its  primary  purpoes*  The  Inlet  Dietrlot  and  Palm  Beach  Couzity 
aoeordingly  decided  to  resume  puaping  o]>eratlon8  in  1945*  The  effects  of 
tbs  reeunqztion  of  pumping  were  similar  to  those  eocperlenced  in  1937,  bat 
wf  nps  lihnaUng  in  Lake  Worth  was  not  satisfactorily  reduced,  an  8-ii»h 
— was  installsd  1948s 

The  present  pumping  plant  eonslete  of  an  8-:'nch  centrifugal  pump 
driven  by  a 30(Miorsepower  diesel  motor,  a 10-in<di  Intake  mounted  on  a 
ewli^ii^  boom  of  30-foot  radius  with  a flexible  rubber  sleeve  at  tbs 
center  of  the  turning  radius.  The  intake  line  has  an  auxilary  Jet  fbr 
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PUMPING  PLANT  NEAR  OUTER  END  OF  NORTH  JETTY 


FIGURE  2 
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sand  agitation.  The  airlngli^  boon  is  lioltad  to  about  12  fast  vertioal 
BGvansnt.  Ths  center  of  the  turning  radius  of  the  swilling  bo<MU  is 
located  about  30  feet  from  the  seaward  eixf  of  the  north  Jetty  and  the 
poop  is  capable  of  digging  a oiroular  trench  about  30  feet  in  length 
and  8 to  10  feet  deep.  Bed  rock  and  hard  pen  limit  the  trench  dspth. 
Hormally  the  trench  is  from  5 to  3 feet  in  depth.  The  puqp  is  some  6 
feet  above  asan  sea  level.  The  8>dndi  disoharge  lixM  extends  to  the 
shore  eouth  of  the  inlet,  aa  had  the  preoedlng  6-inoh  line.  The 
disoharge  line  is  about  ^ Ibat  above  mean  sea  level  on  the  bridge  over 
^ Inlet,  and  about  16  feat  above  mean  eaa  Isval  at  Ita  dieohargo  and. 
The  poop  le  operated  aa  Uttbxal  Mtarial  aoouanlataa  vrithin  reaoh  of  the 
lu&ahe.  Two  full-tins  opexatore  era  aag^oyed  for  operation  and  aaintan- 
anoe  of  ^ha  plant.  If  ralatlvSly  calm  eeathar  prevails,  a puaping 
tiaa  of  2 to  3 hours  aaoh  day  la  saffiqlent  to  reaova  all  natarial  with- 
in reach  of  tha  intaka)  honevar  when  etorns  from  the  northeast  occur 
continuous  punping  often  does  not  equal  the  rate  of  scoumilation  In  the 
reservoir  or  ln^oundlng  sons,  end  oonsidereble  material  moves  around 
the  seaward  and  of  the  north  Jetty  Into  the  Inlet  channel.  Figure  2 
shows  the  present  puqping  plant  near  the  outer  sod  of  the  north  Jetty 
and  the  disoharge  line  south  of  the  eouth  Jetty. 

mix  PHPCgDORK  AHP  VkU 

Test  Program.  The  field  eozic  for  this  study  was  dona  from  February 
to  June  1952*  It  oonalata  oft  (e)  nsaaoraamt  of  material  pumped  by  the 
by-pessing  plant,  (b)  aeastaraasnt  of  wave  ohexaoteristioe,  (o)  msaenre- 
msnt  of  littoml  ourrentB  within  the  surf  sons,  and  (d)  proourmaent  of 
sand  aamflee. 

Msasurement  of  Ifaterlal  Pumped.  The  oaterial  passed  was  msasired 
by  preparing  a detention  basin  at  the  outfall  of  the  by-passing  plant 
and  frequently  surveying  the  aoouiBilated  material  in  the  basin  area. 

The  basin  was  initially  foxmed  Igr  levelling  a reotengu^  area  of  abovt 
75  X 100  fast,  bounded  on  the  north,  east,  end  south  aLdea  tgr  sand  ^nvm 
5 to  6 feet  high  and  cm  the  west  side  by  the  seawall  previously  uantioned. 
Figure  3 showe  the  basin  as  initially  prepared  with  ths  disoharge  pipe 
of  the  Igr-pesalng  idmot  in  ths  northwest  ooraer  of  the  basin,  and  also 
the  bssia  when  about  half  filled.  The  outlet  in  ths  soubhueet  oomer  ef 
ths  basin  permitted  essentially  sedimenWree  water  to  drain  into  tha 
oesan.  The  east  bank  of  the  basin  w>&s  iitaatdd  corns  50  to  60  feet  land- 
ward and  10  to  12  feat  above  the  hi/ji)  water  line.  The  beeln  bed 
Bcffiolent  oapeoity  for  the  pumped  during  periods  of  50  to  60  hows. 
Oeily  eurvaye  of  the  becih  area  were  made  if  the  daily  pumpiiy  time 
equalled  e?  essoedsd  6 howsj  otbcwise  generally  mde  when 

paq>lng  time  of  6 hours  had  aootanslated. 

Table  1 gives  the  volume  of  meterial  puup^  by  the  Ig^-pessing  plant 
iron  25  Pebraaxy  to  11  June  1952.  The  voIves  of  meterial  pumped  ^ tha 
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Detention  Basin  As  Initially  Prepared  With  Outfall  Of 
By-Possing  Plant  Positioned  In  Northwest  Corner  Of  Basin 


Detention  Basin  Approximotely  50  7©  Filled 


FIG.  3 
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by-passing  plant  iraz  raaasured  by  periodis  surveys  of  the  basin.  When 
the  basin  becaias  filled  and  required  releveling,  the  discharge  of 
Katerlal  from  the  pump  co\ild  not  be  neasured  duri.ng  the  period  of  re- 
leveling.  Therefore  volumes  were  estimated  for  the  periods  when  the 
plant  was  in  oparatioii  but  when  no  volumetric  measursments  were  made. 

The  volumes  given  after  these  tines  were  oonqyuted  by  using  the  average 
punning  rate  ooqnited  from  the  measured  data.  This  ooa^ted  average 
pulping  rate  was  76,2  oublo  yards  per  hour.  It  was  desirable  tc  ^tain 
as  mooh  ieec?nred  pum>iag  data  as  possible  ^ therefore  irtan  the  dtu4y  was 
iJDdtiatedi  the  great.«et  enphasls  was  plaoed  on  devoloplAg  suitable 
arrangements  for  measuring  the  material  disoharged  by  the  plant.  The 
proouzemsnt  of  deta  on  VDluastrio  asatareMnie  of  poiw>sd  Mterlal  was 
started  ap|>;rcziaateiy  10  days  before  wars  ohsrsoterlstlos  were  reoorded, 

wavs  CbsrsoteristiQS,  A Type  W<4  wavs  gage  (1)«  was  used  to 
measors  the  wars  blights  and  periods.  This  gags  ooMdsts  of  a pressure 
bead  designed  to  detect  pressure  ohsngss  at  s ssleoted  underwater 
location  and  to  transmit  them  alsotrloally  to  s reoordsr,  i^jrdrogaaphlo 
surveys  indicate  that  the  offah^  hydrography  along  the  Palm  Sea^  shc^ 
and  southwards  to  South  Lake  Worth  Inlet  (spprozlnstelj  10  idles ) Is 
fairly  unlf  era,  therefore  it  was  beliered  that  installation  of  the  gage 
in  a aodsrate  water  depth  any  jdaoe  within  this  ares  would  pxovlds  wars 
date  rsprssentstlre  of  tbs  wares  rssehlng  the  shores  at  and  near  the  by- 
passing idant,  Ixosllent  fbollities  for  and  operating  the 

gags  wars  available  at  the  faim  Beadi  Pier*  located  11  alias  north  of  tbs 
u^t.  Tbs  gaga  was  inaiallad  at  tba  seaward  end  of  tbs  pier  on  tbs  ooaaa 
bottom  in  about  17  f««t  cf  water  (referred  to  asan  sea  lersl),  Tba  ra- 
oording  aeohaniaa  was  progmaasd  to  obtain  a U««5nBte  record  every  4 boors 
for  tbs  period  from  6 lfsr<di  to  10  June, 

Tbs  records  obtained  fTcw  tbs  gags  ware  snslysed  for  slgnifioant  wars 
heights  and  psriods(2).  Tbs  results  hare  bean  isbnlstsd  and  plotted  In 
Figure  4,  This  plot  indicates  tbs  psroentagss  of  tias  of  ooourrenoe  of 
wave  heights  or  periods  within  tbs  Indioatsd  t/sIus  and  larger.  It  oen 
be  noted  that  wars  periods  of  13  or  mare  ssoonds  oooarasd  approadmtely 
10  peroent  of  tbs  tiae  during  tbs  period  of  observations.  On  an  wwipwi 
basis,  these  Idngsr  period  waves  are  not  oomon  in  the  study  area.  Tte 
longer  period  waves  ware  probably  oaussd  Ij  distant  nertbsset  atonw. 

Van  dlreotlons  were  asasozed  by  tbs  use  of  a slating  bar  and 
auxUlazy  sights  etteobsd  to  an  ordlnszy  engineer's  trsnslt(3).  In  this 
asthod  ^ transit  is  sat  over  a point  of  known  looatlon  and  elebatleo, 
and  oriented  on  s distant  point  of  known  dizeotlon.  The  sighting  bar, 
attached  to  the  transit,  revolves  in  s horlsontal  plans  spprinlastely 

paagasA^WA  mwm  vucaawv  «U9U  vuv  vms’  AM  'WXlil 

a wars  orest,  toe  orthogonal  sslauth  is  read  dJreotly  on  tbs  transit. 

Tbs  roof  of  tbs  Awbassador  Hotel,  «ppr>  dmstely  3,S  alles  north  of  the 
by-paseing  plenb  ^vldsd  tbs  most  snlti.ble  loostion  for  an  obssrvatlon 


elttibsrs  in  parontbssss  refer  to  rsfersnos  list  on  page  24, 
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6.0  7.0  8.0  9.0  lao  1 1.0  12.0  13.0  i 14.0  150  I6j0  17.0  18.0  Totol 

6.9  7.9  8.9  9.9  10.9  11.9  12.9  13.9  I 14.9  15.9  16.9  17.9  18.9  PWc«nt 


FI6.  5 WAVE  DIRECTION  FREQUENCIES 


station  in  tha  area.  The  instrument  iias  located  about  300  "set  landrard 
of  the  shore  line  and  93  feet  above  mean  sea  level.  Wave  direction  ob- 
servations were  obtained  twice  daily;  once  each  in  the  early  morning  and 
late  afternoon. 

The  wave  direction  observations  have  been  tabulated  and  plotted  in 
Figure  3.  The  wave  direction  was  tabulated  with  the  wave  period,  oinoe 
the  period  could  be  determined  even  whan  the  height  was  insufficient 
to  be  determined  from  the  record.  Figure  5 shows  the  percentages  of  time 
of  occurrence  of  waves  within  the  indicated  asiinuth  direction  and  less. 


Littoral  Currents.  Fluorescein  dye  was  used  to  measure  longshore 
currents  inside  the  breaker  sons.  The  method  employed  to  msasure  the 
Icngahore  currant  was  to  throw  a small  paper  bag  containing  a handful  of 
gravel  and  about  two  tablespoonfuls  of  powdered  dye  into  the  surf. 

The  length  of  longshore  travel  of  the  stain  during  a 3-4iinute  period, 
as  the  bag  disintegrated,  was  maasured  by  pacing.  Four  current  observa- 
tion stations  were  established  north  of  the  by-passing  plant;  the  distances 
from  the  by-passing  plant  being  mile,  2 miles,  5 miles,  and  7 miles. 
Lcwigshore  current  maasurements  were  made  twice  daily  at  each  station,  and 
were  taken  as  nearly  as  practicable  at  the  same  times  the  wave  directions 
were  observed.  No  attempt  was  made  to  measure  any  currents  seaward  of 
the  breaker  line.  Since  the  material  reaching  the  pomp  intake  was  that 
under  the  influence  of  the  breakers,  the  nsasurement  of  the  current  land- 
ward of  the  breaker  sone  was  believed  to  give  the  littoral  current  data 
pertinent  to  this  study. 

Table  2 le  a eunnaiy  of  the  littoral  current  obeervatlone  taken  at 
the  four  field  observations  stations.  The  field  data  for  eaoh  station 
have  been  eunmarlsed  by  listing  the  number  of  observations  of  north  and 
south  littoral  currents  within  indicated  current  velocity  limits.  The 
numbers  of  north  and  south  littoral  cuJ'rent  observations  for  each  velocity 
group  are  also  e^qpressed  in  oumulatlve  percentages.  When  these  values 
are  plotted  as  shown  in  Figure  6 they  show  the  north  and  south  percentages 
of  occurrsnoe  of  indicated  littoral  current  velocity  or  less,  over  the 
period  of  study. 

Sand  Samples.  Siirface  sand  sampler  were  taken  at  the  four  current 
observatlM!  stations  north  of  the  inlet,  at  one  station  located  artprox- 
Jmately  1,000  feet  south  of  the  inlet,  at  the  shoaling  areas  in  Lake 
Wbrth  and  seaward  of  the  inlet.  Samples  were  taken  at  tha  high,  mean, 
and  low  water  lines  and  near  the  3-foot  water  depth  at  the  four  current 
measiuring  stations  and  the  station  1,000  feet  south  of  the  inlet.  Five 
sanies  were  taken  fPom  the  shoaling  areas  when  samples  were  procured 
from  these  locations.  The  beaoh  samples  were  obtained  by  extracting  from 
tuo  surface  a strip  6 to  7 inches  in  length,  2 inches  in  width,  and  approx- 
imately 1 Inob  in  depth.  Bottom  samples  were  obtained  with  a ^ag  eampler 
irtiich  basically  is  a tube  doeed  at  one  end  and  with  a Up  attached  to 
the  other  end.  The  tube  is  rigged  so  as  to  move  horlsontally  idten  dragged, 
but  to  becoms  nearly  vertical  vdien  raised  to  the  water  surface.  Sasg)le8 
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CURRENT  VELOCITY  FREQUENCIES 
F!G.  6 


TABUt  3 - SARD  SAMPIX  ANALTSIS 


Ditee 

H.T.L. 

M.T. 

1. 

L.T.t. 

3 ft.  Ifeter  Depth 

i2S- 

(am.) 

S„ 

-So- 

-§o- 

lldA  (mm.) 

-So— 

( 

3.5  Mila  jlorth  of 

Inlat 

3-7 

O.V 

1.24 

, 

3^ 

C»  ■ ^ 

1.13 

4-16 

0.3B 

1.31 

0147 

1.29 

4-22 

0.34 

1.18 

0.48 

1.U 

0.54 

1.41 

4-29 

0.57 

1.45 

0.45 

1.69 

5-5 

0.36 

1.25 

0.34 

1.25 

0.64 

1.50 

0.42 

1.41 

5-« 

0.31 

1.15 

0.32 

1.17 

0.58 

1.45 

0.34 

1.30 

5«X5 

0.32 

1.16 

0.38 

1.19 

0.38 

1.16 

0.63 

1.33 

5-22 

0.34 

1.41 

0.37 

1.23 

0.33 

1.20 

6-10 

0.29 

1.18 

0.36 

1.29 

0.53 

1.55 

0.33 

1.29 

1000  Ft.  .'iouth  of  Inlet 

3-7 

0.68 

t 'to 

3-21 

0.80 

1.29 

4-16 

0.57 

1U4 

4-22 

0.43 

1.23 

• •29 

0,71 

1.27 

0.47 

1.31 

0.90 

1.24 

5-5 

0.50 

1.17 

0.61 

1-28 

0.63 

1.09 

0.77 

1.34 

5-« 

0.43 

1.29 

0.52 

1.25 

0.74 

1.25 

0.88 

1.16 

5-15 

0.53 

1.22 

0.40 

1.14 

0.48 

1.36 

0.54 

1.38 

5-22 

OUS 

1.23 

0.58 

1.23 

0.86 

ia8 

1.01 

102 

6-10 

0.50 

1.25 

0.66 

1.32 

1.02 

1.15 

0.92 

109 

Saaalo  Xo.  1 

: SuBDle  lo.  2 

SeiBle  No 

. 3 

Seanle  Ro. 

Seaole  NO( 



miu 

S.. 

Jo- 

1&- 

-§o- 

Inner 

Ber 

3-7 

0.33 

1.36 

>21 

0.52 

1.50 

4-22 

0.47 

1.81 

4-29 

0^ 

1.38 

0.50 

1.30 

0U4 

1.67 

0.58 

103 

0.70 

1.36 

5-5 

0.47 

1.64 

0.5c 

1.57 

0U8 

1.35 

0.44 

107 

0.53 

1.39 

5-15 

0.54 

1.26 

0.96 

1.38 

1.03 

1.21 

0.76 

1.51 

0.70 

1=33 

5-22 

0.50 

1.78 

0.41 

1.42 

0.54 

1.35 

0.50 

1.36 

0.50 

104 

6-10 

0.65 

1.48 

0.90 

1.36 

0.78 

1.33 

0.92 

1.33 

0.52 

1.34 

Ooeen 

Ber 

3-7 

0.60 

1.39 

3-21 

C»6C 

1.28 

4-16 

0.66 

1.62 

4-22 

0.68 

0.82 

1.41 

0.64 

1.43 

4-29 

0.76 

1.61 

0.84 

l«i6 

0.68 

1.35 

0.69 

101 

0.76 

1.73 

Si-9 

0.'K> 

x.ow 

0.66 

1.54 

0.81 

1.45 

0.76 

107 

002 

102 

5-15 

0.75 

1.U 

0.87 

1.46 

0.77 

1.46 

0.93 

1.37 

0.94 

1.33 

5-22 

0.77 

1.46 

0.76 

1.32 

0.75 

1.60 

0.80 

1.65 

0.74 

108 

6-10 

0.89 

1U3 

0.86 

1U6 

0.78 

1.57 

0176 

1.50 

009 

102 

Oeteiitlon  Beein 

USo. 

Sn 

5-51 

0.64 

1.52 

4—16 

0.87 

1.50 

4-22 

1.07 

1.29 

5-15 

1.08 

1.35 

5-22 

0.64 

1U8 

6-U) 

0.48 

1.24 

H.T.L.  - Kl«b  tlda  Um 
Sq  - Sorting  Oooff ioiont 


H.T.L.  - Itowi  Tldo  Uw  L.T <X.  - Urn  Tldo  11m  Mio  - ftmtUn  dlomtrr  (m) 


TABLE  4 - SHELL  COmSKr 


Shell 

Conten  t in 

Percent  by  USi^t 

Station 

H.T.  Line 

U.T.  Line 

L #T • L^nB 

3*  Depth 

Bars 

7 VCLles  N of  Inlet 

50 

36 

38 

50 

S Milsa  N of  Inlet 

t 

77 

43 

65 

/j7 

2 Idles  N of  Inlet 

60 

46 

67 

82 

0*5  Mile  N of  Inlet 

83 

70 

69 

67 

1000'  S of  Inlst 
Ocean  Bar 

Inner  Bar 

6? 

67 

59 

88 

84 

83 

80 

76 

83 

51 

61 

68 

74 

TO 


ifere  taken  at  u /ervals  of  3 to  4 days  at  each  location^  All  sand 
san^les  eere  analyzed  for  size  distribution  by  an  Emary  Settlir^  Velocity 
Tube(4)»  Table  3 lists  the  median  diameters  and  sorting  coefficients  of 
typical  saiqples  taken  inmediately  north  and  south  of  the  inlet,  on  the 
barA  and  in  the  detention  basin*  Table  4 lists  the  shell  content  of 
Bangles* 


ANALYSIS  OF  RESULTS 

ATerage  Referring  tc  Table  1,  the  total  measured 

▼slums  of  punned  material  during  this  stuc^  mas  13,958  cubLo  yards  and 
the  total  posplng  time  to  by-pass  this  volun  was  183  hours.  This 
indicates  an  asorage  pungtlng  rata  of  approKloatdy  76J2  cubic  yards 
par  hour*  Ihen  individual  volume  surveys  and  the  respective  pumping 
times  are  oonsidsrad,  the  pulling  rate  flucUiated  betiram  apprcxjjaatGly 
SO  and  100  outaLo  yards  per  hour*  This  indicates  that  the  pumping  rate 
IS  infLusnosd  by  muy  fsotors,  suoh  ss  oompositioo  of  aatsrial,  oon- 
dltioQ  of  tte  aatsrial  at  ths  intsks,  tbs  operator's  manipulation  of  tbs 
intaks,  ato*  In  order  to  sstabliah  sn  aooursts  average  puaping  rate,  many 
nsawrsmpnts  over  s :*alst:'.vsly  long  period  of  time  are  neoeseaxy. 

Ths  aojonraoy  of  ths  ps^lsg  rata  as  .. 

U 


> t 


y 


Vi! 


•stabllstod  in  thlB  study  cannot  be  quantitatively  assessed.  Hoirever, 
fairly  representative  pumping  conditions  were  encountered  during  the  course 
of  volume  Measurements;  this  factor  coupled  with  tiie  number  of  volume 
Qsaeuremei  08  has,  it  is  believed,  provided  a reliable  average  puiq>ing 
rate  for  the  nresent  installation. 

Annual  Pumping  Rate.  The  log  of  pumping  time  between  January  1949 
throu^  December  1951»  as  fbml'ihed  by  the  Palm  Beadi  County  Engineer, 
indicates  the  following: 

Total  Pusq>ing  Tims  Total  Volusm  Puiqped* 

ISSI  CHpffigJ (Cubic  Yards) 

1949  1068.5  81,420 

1950  1020.5  77,760 

1951  1048.5  79,890 

«Based  on  rate  of  76.2  cu.  yds.  per  hour. 

Over  this  3~year  period  the  average  vdIubb  puaped  per  year  would  be  approx- 

imately 80,000  cubic  yards,  based  on  the  average  measured  pumping  rate. 
Momoally  the  ty-passing  plant  Is  opmrated  to  intercept  the  sand  drifting 
southward  under  the  influence  of  waves  from  the  northeast  quadrant.  How- 
ever, the  plant  is  often  operated  whan  waves  from  the  southeast  quadrant 
prevail,  since  sobm  material  novas  northward  around  the  north  ^t^  and 
depoeita  in  the  aro-ehaped  trench  or  sand  reservoir  at  tha  pumping  i^nt. 
This  means  that  the  indicated  average  volnes  of  material  poqpad  par  year 
(80,000  ouble  yards)  cannot  ba  oonsidered  entirely  as  soutfasard  driftii^ 
sand.  No  quantitative  data  are  available  that  will  accurately  assess  the 
yearly  volume  of  material  puiqped  when  waves  from  the  soxitheast  quadrant 
prevailed.  Nhves  from  this  seot<u*  are  common  during  tha  summer  months 
and  if  the  tine  between  15  June  to  15  September  be  assumed  as  an  interval 
mhen  all  wave  action  is  from  the  aouthsast  quadrant,  the  average  volume 
of  material  pumped  during  this  interval  is  about  7,800  othlc  yax^ls  or  about 
10  paroent  of  tbs  total  volume.  This  would  indicate  that  of  the  yearly 
volume  of  southerly  littoral  drift,  the  punq>ing  plant  Interoepbe  and  by- 
passes approximately  72,000  cubic  yards. 

nslation  of  volumB  Faipad  to  Total  Southward  opift.  Accurate  quantita- 
tive figures  for  the  rate  cf  littoral  drift  alraig  the  South  Lalos  Ibrth 
Inlet  area  cannot  ba  made,  however  e8tlmate8(5)  have  been  made  for  the 
IsiKt  Worth  Inlet  area  which  la  soma  15  mllea  to  the  north.  Thera  the 
effective  depth  of  the  littoral  barrier  (north  Jetty)  is  27  feet  as  con- 
trasted to  6 feet  at  {South  Lake  Worth  Inlet.  The  estimates  were  made 
from  historical  surve;ira  of  tbs  impounding  area  north  of  the  north  Jetty 
at  Lake  Wai^th  Inlet,  and  although  the  surveyB  were  inadequate  to  provide 
an  aoourate  estismte,  they  indicate  ths  range  between  the  lladta  of  itiioh 
the  true  value  probably  lisa.  They  indicate  that  during  the  14-year  period 
limnBdiBtely  following  completion  of  ths  inlet  and  Jetties,  material  was 
inqpoundad  at  a rate  averaging  150,000  to  225,000  cubic  yards  per  year. 
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and  that  during  the  next  seven  years^  after  the  Impounding  capacity  of  the 
north  Jetty  had  been  almost  exhausted,  the  rate  mas  approximately  130,000 
cubic  yards  per  year.  Other  records(6)  indicate  that  the  shoaling  area 
in  Lake  Worth  at  South  Lake  Worth  Inlet  gained  an  average  of  165,000  cubic 
yards  per  year  during  the  period  1931-1937,  prior  to  operation  of  the  by- 
passing plant.  As  previously  stated,  wave  action  from  the  southeast  is 
comnon  during  the  sunrner  months;  therefore  the  source  of  material  supply 
for  shoaling  in  Lake  Worth  is  from  both  nor'Uiward  atxl  southward  littoral 
drift.  However,  exposure  and  shore  allgnnent  are  so  nearly  the  same  at 
both  localities,  there  is  no  reason  to  suspect  that  the  drift  rate  is  not 
approximately  the  same  at  both  inlets.  If  200,000  cubic  yards  per  year 
is  accepted  as  a normal  rate  of  southward  drift  at  South  Lake  Worth  Inlet 
(to  27-fcot  depth),  than  the  voliuss  Intercepted  the  pumping  plant 
(72,000  cubic  yards)  is  36  percent  of  this  drift.  It  must  be  assumed  that 
the  littoral  drift  in  the  nearshore  zone  in  excess  of  the  punqj's  capacity 
plus  the  deep  water  d^'ift  (between  the  6 and  27-foot  depth)  is  on  the 
order  of  130,000  cubic  yards  per  year.  This  latter  figure  would  then  be 
the  total  combined  rate  of  naterial  naturally  by^selng  the  inlet  and 
that  oelng  deposited  as  shoals  both  on  the  outer  bar  and  within  the  inlet. 


Relation  of  Volume  Pumped  to  W&ve  Energy.  The  measured  wave  data 
can  be  expressed  ae  wave  energy  (direction  included)  by  applyli^  accepted 
wave  theory.  It  la  then  possible  to  express  the  measured  fraction  of 
littoral  drift  as  a function  of  wave  energy*  Aa  a general  basie  of 
definition,  waves  in  water  having  a depth  greater  than  one -half  the  wavs 
length  are  considered  deep  water  waves,  and  imvas  in  lesser  depths  are 
shallow  water  waves.  In  all  deep  watex  (denoted  by  subscript  p)  wave 
phenornsna,  the  relationship  between  wave  length  Lq,  wave  velocity  Cq, 
and  wave  period  T,  is 


- Co  T (1) 

If  constant  depth  do,  is  assumed  and  the  wavs  height  is  small  as  compared 
with  do  and  7 „ then 


Co  tanh  2tr 

V2n  K 


(2) 


and  as  do  becomes  large*  tanh  2w  doA*o  unit^^  whidi  reduces  tbs 

eoqpreseiw  to 


Co 


(3) 


whexe  g is  the  aoaelaration  due  to  gravity.  Coehining  equations  (1)  and 


/4\ 

\-»/  »*»•- 


and 


Co  - T 
Ito  - 5.12  T* 


(4) 

(5) 
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n»  total  da«p  tmtar  wav*  onargy,  InoludiK  kiitetlo  and  potaatlal  for 
a unit  langth  of  orest  18 


Eq  - W 


L h '' 
o o 


1 -4.9EL® 


(6) 


nAiars  hg  Is  the  mm  height  £roa  trough  to  orest  and  w is  the  specific 
weight  of  the  water. 


The  recorded  wave  data  indicate  that  nearly  all 
length  ratios  were  less  than  one-half | therefore  the 
ooipnted  on  the  baeia  of  shallow  water  wstk  theory, 
wave  (denoted  by  «xbsorlpt  ,)  energy  ejqjresel^n  is 


B. 


T.  ^ 


1 - 


water  depth  — mm 
energy  data  can  be 
The  shallow  mter 


(7) 


idwre  U is  a function  of  d./t^.  As  d_/t  increases,  equations  (6)  and  (7) 
approaoh  equality  and  are  identical  when”  d^/Lg  ■ 0.5.  For  ^is  stud^ 
oonperatively  soall  waie  heights  premiled,  and  the  qxiantltyll  - M(hg 

in  equation  (7)  oould  be  oonsidered  as  unity  for  all  prastioal  purposes. 
The  shallow  water  energy  e^ession  then  reduces  to 


(8) 


Vbr  sfaallesr  water  mms 


Lg  - 5.12  tanh  2 ^ ^ 


(9) 


and  subatltuting  equation  (9)  in  equation  (8),  the  total  energy  beoonss 

*a  - 5 (5.12  T*  tanh  hg^  (10) 

^8 


Ths  irrotatiocal  uaws  thsory  (7)  states  that  only  a part  of  this  total 
ware  energy  tramls  forward  with  the  warn  form  and  disaipatas  Itaelf  on 
tha  beadh.  The  fraction  n,  to  be  applied  to  Bg  in  equation  (10)  la 


1 

2 


1 ♦ 


4ir«i.A. 

•Idi  4lrdj7^ 


(11) 


^y  lettiiqr  w ■ 64  (apaolflo  weight  of  aaa  water)  and  introduolng  tha 
ftaotion  n,  tha  warn  anergy  or  aetnal  wave  mrtc  in  riiallow  water  la 

B,  • a T*  h 2 n tanh  (12) 
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Ths  total  Wfcva  wark  of  any  wavo  tral  :>  «r  t hai^t  s*-^  »»^<  od  m 

diallov  aatar  la 


®r 


41  n tanh  ? ^ 


or 


Sp  -(41  T hg‘  n tanh  2 


IT  *^8  ^ t 


t,  -- 


(U; 


•*^1  / 


where  t la  the  total  duration  of  the  wave  train  being  r.ald.«r*ia  and  ex- 
preaaed  In  aeoonde,  if  T is  eapreaaecl  In  seconds.  The  alongshore  ooiapGaBixt 
of  wave  energy  is  a functiMi  of  the  angle  (X  that  the  normal  of  the  wave 
creat  nakes  with  the  shore  line.  Qy  vector  analyeis  the  alongshtre  com- 
ponent of  ware  energy  ia  more  accurately  e:q>resaed  as  a fonoticn  of  (sin  OC 
cosOC).  The  total  alongahore  oooponsnt  of  wave  energy  or  wave  aork  for 
any  wave  train  of  a given  height  and  period  In  ehallow  water  ie  then 


^ - (41  T hg2 


n tanh  2Tf^  ) t sinOCooeQC 
La 


(15) 


In  order  to  relate  equation  (15)  to  the  measured  volume  of  ^^pessed 
material,  only  the  southerly  coeqx>nsnt  of  wave  work  was  oonsldered.  It 
can  be  seen  fl*om  Flgire  5 that  of  the  total  number  of  wave  dirsetioc  ob- 
servations, 95  percent  indicate  a wave  direction  (CO  north  of  east. 
Equation  (15)  was  evaluated  for  each  month  by  tabulating  wave  diraetions 
whsxe  OC  was  90  degrees  or  less  along  with  the  oorrespondlng  doretioas  for 
eaoh  d and  reoorded  wave  height  and  period  data*  Since  for  this  ooeplla- 
tion  ^ is  the  total  monthly  southerly  oomponent  of  wave  work,  the 
msaeured  volume  of  by-peseed  materiel  was  evaluated  in  terms  of  the  total 
monthly  southerly  littoral  drift.  Records  for  the  present  by-paesii^  in- 
stallation indicate  that  about  45  percent  of  the  normal  jmarly  operation 
time  falls  between  1 Kbvember  and  1 February  and  it  le  dorli^  this  3- 
month  period  that  considerable  nater.^ri  is  carried  around  the  north  jetty 
of  the  inlet.  Airing  the  period  1 Ifarch  U;  1 nor^ . operatli^ 

tism  la  about  20  peroent  of  the  nonml  yearly  totax  the  time  of 

this  field  stuciy  It  appeared  that,  with  very  few  exoentions  j 

plant  by-pmssed  -11  littoral  drift  moving  alongsnorro  tbs  surf 

■one.  Therefore  in  compiling  the  by-pessed  nmterlal  for  eaoh  month  ((hsring 
the  lleld^^mtady)  tMk  relation  to  and  t,  it  is  assumed  that  the  pue|ied 
volimw  rafvaiaetttn  tha^tetal  ahutlMdrly^littoral  drift  in  the  aearahorm  moom. 
Table  5 preaente  tbe  data  <m  a monihJy  and  dally  basis  of  the  souther- 
ly oomponent  of  wavo  work  (ojqpreo^ed  ia  ft.-iba.  per  day  par  ft.  of  wavo 
oroai)ji  and  the  soulherly  rato  of  jUttoral  drift  (ejqpresssd  in  oublo  yards 
per  day)*  Iban  tho  tabolatad  valass-ira  plpttad  on  a monthly  basis  as 
abam  ia-flgprs' oea  bo  aeon  thet  a rolatlMsahlp  cxista  between  tho 

~ {iff sSm  ssSs^mvSTw  vSrlAvn  Tiss 

ooeipAnd  on  a dally  baiia  aro  alao  shpma  in  Figure  7*  It  will  be  noted 
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TABLE  5 - WAVE  BNEROY  AHD  LITTC2»AL  ERIFT 


Oft  tea 

1952 

itot 

■Tina 

Whvo  Bnorfir 
Ft-lbo./ft. 
of  Iteve  Great 
for  Porioda  In 
dloated  xlO^ 

(*r) 

Ft-rlba/day/ 
- Ft.  of  Wtve 
Cr65t 

Material 
Poaped  for 
Perloda 
Indloated 

( nil . yrf*  ) 

Weareboare 

Littoral 
Drift  (Q) 

jAt»' 

Computationa  Baaed  on  :f9nthly  Data 

Mftr  " 
to  n 

24.23 

25.26 

1040 

6600 

272 

Apr  5 
to  30 

25.17 

19.67 

780 

5700 

215 

1 

to  31 

30.83 

10.90 

350 

2360 

76.5 

Juno  2 
to  11 

9.17 

1.70 

185 

526 

57 

Computationa  Baaed  on 

Oftily  (0.3  to  4 Days)  Data 

Mar  7 
uo  9 

2.17 

7.87 

3620 

1550 

715 

16  to 
18 

2 

7.13 

3560 

657 

338 

28  to 
30 

2.17 

3.94 

1820 

402 

30  to 

31 

0.5 

2.25 

4500 

648 

1296 

Apr  7 
to  8 

1.33 

1.48 

1110 

380 

285 

16  to 
19 

3.17 

U.45 

4560 

1290 

406 

Apr  30 
to  May 

2 2 

5.07 

2535 

686 

343 

Ifftjr  12 
to  16 

4.17 

6.76 

1620 

1374 

330 

27  to 

28 

0.5 

0.22 

440 

76 

152 

28  to 
28 

0.33 

0.48 

1440 

76 

228 

30 

0.5 

0.20 

400 

114 

228 

Juno  2 
to  3 

1.66 

1.40 

840 

228 

137 
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IEyS  South«rly  Component  of  Wove  Energy,  Ft.- lbs.  per  Day  per  Foot  of  Wbve  Crest 

Fig.7  RELATIONSHIP  OF  LITTORAL  DRIFT 
TO  WAVE  ENERGY 
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that  th«  latter  poli>>'^  aoattarad  aa  (KMq&red  to  ^a  points 

con^yuted  .on  a monthly  basis,  the  aprsad  In  the  points  being  due  in  part 
to  Inab^ity  to  associate  the  qmntlty  of  by-passed  material  with  the 
proper  wave  snergies.  When  longer  tine  intervals  are  considered,  as  in 
the  monthly  data,  the  quantity  v.f  i^-passed  material  aiid  wave  energies 
can  be  more  accurately  related.  According  to  the  line  established  on  the 
basis  of  the  monthly  data,  the  relationship  between  Q,  the  noarehcs'e 
littoral  drift  In  cubic  yards  per  day  and  Bj,  the  southerly  ooraponent  of 
wave  energy  for  the  South  Laice  Wbrth  Inlet  area  (Mardi  through  Ifay)  is 

0 - 0.0011  (16) 

This  indicates  that  the  rate  of  the  measrred  fraction  of  littoral  movement 
during  ths  period  of  study  was  sssentlslly  * linear  function  of  ths  along- 
shore component  of  wave  energy. 

Littoral  Current  Iteta.  The  plot  in  Figure  6 IndLoateB  that  during 
the  study  the  s.-irags  littoral  current  velocity  in  the  neartdiore  zone  at 
the  four  observatlcm  stations  was  approxlnately  35  feet  per  minute.  This 
average  seems  applicable  to  either  northerly  or  southerly  direction  of 
current  movement. 

The  wave  direotion  sumnarjr  (Figure  5)  indicated  that  during  the 
period  of  thie  study  the  predominant  wave  direotion  was  from  the  northeast 
quadrant.  The  tabulated  littoral  currant  observations  (Table  2)  indfcate 
that  of  the  total  nunher  of  observations,  63  peroant  sere  of  movements  to- 
wards the  north.  All  other  data  throughout  the  oourse  of  this  atu4y 
provide  evidenoa  that  the  Fradoalnent  direotion  of  send  ■ova— nt  was  towards 
the  south.  The  lade  of  oorrelatlon  between  littoral  current  and  wavs 
directions  is  probably  doe  to  the  inauffiolsnt  number  of  ourrent  observa- 
tions. It  was  found  in  a number  of  oases  that  littoral  ourrent  measure- 
ments taken  at  one  dyservation  station  differed  in  alongshore  direction 
(north  or  south)  nnd  magnltidd  from  those  taken  at  an  adjacent  observation 
station  at  appreminately  the  sams  time . The  near  coast  odroulatcry 
currents  created  by  the  flow  of  the  Oulf  Stream  and  the  Qulf  Stream's 
effect  on  incoming  waves  are  undoubted^  influencing  factors  on  the  littorel 
current  oharaoterlstice;  however  these  effeots  oannot  be  evaluated  with 
the  data  at  hand. 

Rand  .«;Mmie  Data.  Table  3 contains  data  on  sand  samples  taken  near 
the  inlet.  The  table  includes  the  date,  aeiq>ling  stetion,  spsolfio 
location  on  the  beeoh  profile,  median  diaowter,  and  sorting  ooeffloient, 
which  Is  the  square  root  of  the  ratio  of  the  size  at  the  25  percent 
qusrtile  to  the  size  at  the  75  percent  quartile.  Bottom  seizes  from 
the  shoalli^  areas  inside  and  outside  of  the  Inlet  were  taken  from 
various  points  on  the  bars;  the  water  d^th  at  the  san|>lli)g  points  being 
1 to  3 feet  referred  to  mean  low  water  datum.  The  saufyles  taken  from  the 
eeoumuleted  material  in  the  detention  basin  were  selected  at  points  whioh 
were  believed  to  be  representative  of  ths  by'^passed  aetarlal,  l.e.,  ths 
sortii^  effect  created  by  the  wash  of  the  discharge  was  considered. 
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In  oonqjarlng  ths  analjses  of  the  nuna  ^ Kile  north 

and  1,0CX)  feet  aoutti  of  the  inlet,  io  Trt.ll  be  •.r>9n  th?+  Vne  Bortlng 
coefficient  (Table  3)  s/id  shell  content  '■.)  :..t  i.*:  ==3=5  locations  aie 

about  the  same;  however  the  aediar  diamet«i.i  tJ.o  - taken  south 

of  the  inlet  are  noticeably  larger,  ConsiI«r*r!<>:  tns  ,;i  ler^th  of 

study,  jeena  to  be  no  seasonal  affects  c”  the  oi . -I  is  trf  tut  ion  of 

the  nBts*iai.  The  average  fflBdi«!n  uiaraal^rs  at  ti*.  t»o  sts  iois  were  as 
folio* s: 


•^tat;Lon 

Ifsdlan  Dianieters  !£illinBt»n>a 

(H.T.L.) 

'n.T.L.) 

;3  ft,  dsnth) 

\ north  of 

inlet 

0.33 

0.39  0.50 

0.45 

1,000  feet  aouth 

of  inlet 

0.49 

0.58  0.70 

0.84 

The  coarseness  of  ths  material  on  the  ocean  and  ii"??r  !:i. 

:.'*s  is  indicated 

by  the  respective  average  median 

diameters  ot  u,??  nnd  ^ 

/ t - mlllijneter . 

The  material  pumped  also  was  coarse,  sanplss  irom  v<i^  :!^^:r''"tion  basin 
having  an  average  median  di.ameter  of  0.8  millimeter. 

The  treneportatlon  of  eediment  throned  hnd  around  the  inlet  in 
caaplen.  The  souroe  of  mpply  of  material  carried  through  the  inlet  to 
lake  Ibrth  on  flood  tide  could  be  material  from  the  Ocean  bar,  material 
in  deeper  waters  seaward  of  the  jetties,  and  mterlai  that  moves  around 
the  seamard  anda  of  the  jettdee  during  aavere  neve  action  perioda.  The 
materia'!,  oarrled  through  thb  itJet  Into  Xeite  %:rth  on  flood  flom  (topoeite 
in  a fan  ahapa  pattern  with  the  finer  partiolea  baing  carried  into 
deeper  eaten  in  Lake  Isrth;  undoubtly  a substantial  quantity  of  ths  finar 
partiolea  remain  in  thr^^  deep  water  in  Lake  Hbrth  and  an  not  disturb^ 
during  ebb  flow.  However,  ths  finer  particles  deposited  in  the  Innedlate 
vicinity  of  ths  inlet  are  picked  up  on  ebb  flow  and  transported  back  to 
the  i->uean.  This  leaves  a nslduel  deposition  f the  inlet 

of  fairly  coarse  material  whLdi  is  shown  by  bottom  saiapuea  taken  in 
that  acne  (aver&ga  Ud^  ■ 0.60  mm).  Tha  finer  i«.i>ticlas  tr*>n.«ported  froa 
Lake  Worth  to  ths  ocean  during  sbb  flow  n^^posit  on  ocean  bar 

or  are  carried  out  into  deeper  waters.  It  se<^--T  lir.;.  ■ fine  material 
remains  on  the  ocean  bar,  since  the  bottom  samples  taken  x.-uui  that  aona 
indicate  a nther  ooarsa  rasidual  (avaraga  • 0.7?  an.).  This  rathmr 
ooiqplex  aadlmant  tnneportatlon  pattern  seema  to  indlcmta  that  only  the 
ooarser  material  la  available  to  the  Acre  line  imnmdlate]y  aouth  of  the 
inlet  as  a result  of  natural  marvemexi. 

Since  the  north  jetty,  in  ordar  to  impound  material,  moat  establiah 
a Jteaper-than-normal  nsarahore  slope,  it  is  logical  to  aasuma  that  tha 
by-ijasaing  material  is  a sagragated  ooaraar  fraction  of  tha  material  in 
transit*  Also  the  trench  at  ths  intake  of  the  by-paeaing  plant  is  a 
natural  trap  for  the  coarser  fraction  the  material  in  trsnait.  If 
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ooarser  natarlal  imxs  not  by-pasMd  nBolmnioallyy  it  Is  probable 
that  a large  part  of  it  would  deposit  in  the  inlet  and  on  the  inner  and 
outer  bars.  Although  it  could  be  expected  that  the  inlet  wouGLd  ultimate- 
ly either  close  or  stabilize  so  that  all  littoral  mterial  would  pass 
it  nabxirally,  it  is  evident  that  the  dcwndrift  shore  wjuld  be  under- 
nourished with  respect  to  coarse  maxerial  for  a lengthy  period^  if  by- 
passing should  be  diacontinuad.  There  are  no  data  available  concerning 
offshore  conditions  south  of  the  inlet.  Stability  of  the  oiiora  as 
a result  of  by-passing  over  an  extended  period  indicatas  that  for  the 
conditions  of  limited  depth  which  prevail  at  this  inlet,  only  the  coarser 
fraction  need  be  by-passed  to  achieve  eatisiactory  results. 

SlPilARY 


Effeotivenesa  of  Plant.  The  average  pumping  rate  of  the  plant,  as 
determined  by  voiunetrio  naasuraments  of  the  material  bgr-pasaed  during 
this  etiady,  is  76  cubic  per  hour*  When  this  punning  rate  is 

applied  to  an  average  yearly  operation,  the  total  by-passed  volume  of 
southward  littoral  drift  is  approxinctaly  70,000  cubic  yards,  or  35  per- 
cent of  the  total  scutbvard  drift  idiich  is  on  the  order  of  200,000  cubic 
yards.  Tha  bYri^ssed  material  is  apparently  the  nain  aouroe  of  supply 
to  the  shore  innediately  south  of  the  inlet. 

The  ooareer  composition  of  beadi  material  on  the  ocean  and  imer 
bars,  on  the  beach  south  of  the  inlet,  and  in  the  detention  basin,  as 
compared  with  that  on  tha  bench  north  of  tha  inlet,  indicates  that  only 
the  coarser  fraction  reaches  tlie  shore  to  the  south,  by  either  natural 
prooesaes  or  puiqiing.  This  fact  probably  acoounts  for  the  demonstrated 
effectiveness  of  tha  fay-passing  operation  in  stabilising  the  diore  south 
of  the  inlet  by  pumping  only  about  one-third  of  the  total  volume  of 
littoral  drift. 

Littoral  Orift  - Wave  Energy  Relation.  By  correlating  the  data  on 
material  puiqped  and  wave  characterlstica  over  the  period  of  study,  the 
following  relationship  between  the  rate  of  nearshore  littoral  movement 
and  the  shallow  water  wave  etmrgy  was  developed: 

Q - 0.0011 

Q is  the  aoutherly  rate  of  nearabore  llttaral  drift  in  oubio  yards  per 
day  and  B;  is  tfas  southward  component  of  wave  work  or  energy  for  the 
ecr responding  period.  So  far  as  is  known,  this  relationship  is  only 
spplloable  under  the  oonditlcnW  presently  existing  in  the  vicinity  of 
the  study  area.  No  quantitative  aseassmsnt  of  the  accuracy  of  this  re- 
lationship over  a longer  period  oan  be  made  with  available  data)  however  j. 
the  data  exhibit  a logioal  and  systematic  trend,  and  if  the  energy  could 
be  evaluated  on  an  annual  basis,  it  would  be  reasonabla  to  expect  the 
relationship  to  be  applicabls  over  that  period. 
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